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Abstract 
Recent advancements in 3D printing, sometimes referred to as additive manufacturing is considered a game changer relative to 
rapid prototyping. The industrial, military, commercial, aerospace as well as the automotive industry have made significant gains 
due to this technology. The 3D printing market is expected to reach $8.43 billion by 2020, at a Compound Annual Growth Rate 
(CAGR) of 14.37% from 2014 to 2020 1.  As in any new technology there are trade-offs and this work reports on an approach to 
optimize or save in power consumption for such systems. Because the 3D printing process is focused about producing three 
dimensional (3D) solid objects from a digital file, power consumption is an important consideration. This paper presents the 
prototype of a heated platform designed for use in higher-end 3D printers. The goal of this prototype was to improve the energy 
efficiency and reduce the power consumption of a 3D printer by employing an innovative and validated heating circuitry or 
platform without compromising print quality. For this investigation a 3D printer that has a surface component with dimensions of 
10in X 10in is selected. As a baseline for comparison, the calculated power consumption under standard operating conditions is 
50W where the source is 12V DC. The paper herein expands on key design parameters, presents the preliminary design 
calculations, and describes comparable products researched and statistical improvements over those products.  
© 2016 The Authors. Published by Elsevier B.V. 
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1.Motivation 
3D printing, which is a form of the broader field of additive manufacturing works by heating the desired build 
material until it has reached its phase change. While the material is at this stage it is deposited onto a platform, or 
extruded, where the material cools and solidifies. Through this cooling process product defects most often occur. 
Due to the cooling process 3D components, specifically those printed from ABS plastic filaments are susceptible to 
marring and deformation 2. Marring is the curling of product edges, which can prevent the product from functioning 
as intended. There are two distinct methods available to prevent or limit marring, the first is to incorporate a heated 
platform, which allows the component to cool in stages and allows subsequent layers properly to bond at the atomic 
level. The second method is to enclose the build chamber, which retains the energy lost during production and 
cooling to elevate the enclosed ambient temperature of the print chamber. The scope of this paper reviews an 
experimental investigation and determines a practical solution to address marring via the heated platform. 
 
2. Design Methodology 
 
This heated platform prototype was designed for durability, minimal power draw, ease of operational maintenance 
and energy efficiency.   
 
For this product to be able to function in the envisioned environment, the heated platform was manufactured from 
the highest quality components. Aluminium was selected specifically for its thermal properties. Since the purpose of 
a heated platform is to transfer energy to the printed part to raise the parts temperature, efficient energy transfer is 
imperative. Energy transfer between the platform’s heating elements on the underside is also improved due to these 
properties, which results in limiting the current draw. To assist in energy localization, the underside between the 
heating elements is insulated with high temperature insulation. The number of heating elements utilized and the 
insulation between the heating elements increases the rate of energy diffusion throughout the platform. This in turn 
eliminates the majority of hot and cold spots on the plates surface, and reduces the temperature differential between 
the heating element’s contact locations.   
 
Aluminium was also selected for its durability and relatively simple maintenance requirements. Removing the 
residual plastic that can build up over time after each print is easier with aluminium. The residue can be removed 
either by scraping the surface with a sharp blade or dissolved with a light acid. The prototype platform can also be 
installed on most 3D printers without the need for a supporting table or bracing underneath to provide rigidity.  
 
A 12V DC source was a fundamental design criterion because the 3D printer this platform was specifically designed 
for was designed around 12V DC 4, 5. Due to the limited energy reserve of the intended 12V DC supply this 3D 
printer was designed for, a low power draw is key for every incorporated component. 
  
3. Prototype Description 
 
The heated platform’s total dimensions are 10” x 10” x 1/2”. The surface plate is 6061 – T6 grade aluminium that is 
10” x 10” x 1/16”. The total thickness of the platform includes the surface mounted resisters and double layers of 
high temperature insulation. The prototype also includes three bands across the bottom to reduce thermal warping 
during and after operation. The bands double as mounting points for the platform to be bolted to the Z – axis frame. 
The underside of the heated platform is shown in Figure 1. 
 
 
Figure 1. Heated platform underside. 
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The results of the thermal calculations used for the design of the heated platform represent the theoretical energy 
loss the plate encounters during operation. Due to time constraints rigorous testing during full operation of the 
platform prototype inside of a 3D printer was not possible, and has yet to be fully performed. The results of the 
thermal design calculations are presented in Table 1. 
 
Table 1. Heated plate thermal results. 
 
Method Value Units 
Conduction ~0 Watts 
Radiation 2.04 Watts 
Convection 47.55 Watts 
         
 
The calculated value for the amount energy lost via conduction is negligible due to the energy transfer between the 
platform at its maximum temperature and the extruded filament at its maximum temperature is in all practicality 
zero Watts. Regardless of the temperature differential between the extruded filament and the heated platform, the 
area of contact between the two is in units of square microns, allowing for the amount of energy transferred between 
the two to be effectively zero Watts. As the build’s size increases the temperature differential between the product 
and platform decreases to zero, allowing for a negligible energy exchange.  
 
 Review of the radiation energy loss in Table 1 allows the calculation to be made considering the assumption that the 
maximum temperature differential between the heated platform at maximum operating temperature and the initial 
ambient temperature is constant. Equation 1 governs this relationship. 
 
q = σεA(T4-T∞4)          (1)  
 
Where Boltzmann’s constant, “σ” is 5.67E-08(W/m2K4). The surface coefficient for finished aluminium epsilon, “ε” 
is 0.07. The surface area, “A” is calculated to be 0.065m2. The ambient temperature “T” is assumed to be 293K, and 
the operating temperature, “T∞ “, is 363K. Calculating Equation (1) with these values, yields a radiation value of 
2.04W. 
 
Ending with the largest energy loss for the heated platform, convection is the most consistent. The convection for 
the heated platform is assumed to be forced air convection, due to the motion of the platform. Due to negligible 
velocity, the calculated convection for the platform is approximately the same as the result for free air convection.  
For convection, the surface area, “A” is 65X10-3 (m2).  The temperature differential, “ΔT” is presumed to be 70, 
which is the difference between the ambient temperature of 20 and the surface temperature of 90. Finally, this 
allows for the calculation of the convection coefficient, “h”. This is calculated from Equation (2).  
 
h = 10.45 – v + 10v0.5                                                          (2) 
 
The coefficient “h” is solely depended upon the velocity, “v”. This velocity is equal to the height moved in the Z 
direction, which is 5X10-3 (m/s). From Equation (2) the convection coefficient, “h” is 10.45 (W/m2). Giving the 
resulting convection energy loss, “q”, from Equation (3) to be 47.55 watts. 
 
q = hAΔT                  (3) 
 
As new manufacturing technologies continue to address all areas of electronics design such as simulation, schematic 
capture, material properties, and physical implementation of printed circuit boards, efficient heat removal remains a 
central problem. The next section presents the test results from annealing the major design parameters that influence 
the management of heat removal 3. 
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4. Test and Validation Results 
 
The final aspect of this investigation is to investigate the performance of heated platforms that are commercially 
available on the market. They are segmented into two primary categories: Do-It-Yourself (DIY) platforms and 
commercial products. Limiting the scope of comparison to only include commercial products, which have 
documentation that can be confirmed, the products further separate into industrial applications and personal 
applications. Since the size of this prototype heated platform is closer in size to the available products for personal 
3D printers, the comparison focuses on these options. Comparing the rated values for current, operating voltage and 
power draw the comparable products are displayed with their surface dimensions, manufacturing material and 
percent power increase of the prototype compared to the rated power of the commercial products. The results are 
shown in Table 2. 
 
Table 2. Product comparison. 
 
Brand Name Dimensions (inches) 
Voltage 
(Volts) 
Power 
(Watts) 
Percent 
Reduction Material 
Prototype4 5 10 X 10 12 50 0 Aluminium 
Keenovo6 12 X 12 120 750 93.33 Silicon Rubber 
Quintessential7 8 X 8 12 180 72.22 Silicon Rubber 
RepRap MK2b8 8.43 X 8.43 12 120 58.33 Laminate 
LEAP 3D9 12.36 X 8.43 12 110.77 54.86 Aluminium 
 
After narrowing down the search results for comparable products on the market, there were a total of 6 heated 
platforms available. Of these, two failed to provide any power requirements other than the supply voltage. For the 
four remaining, which are specifically included in the table, only three operate on 12V. The second on the list, 
which was included for a size comparison operates on 120V and draws 750W of power. The prototype when 
compared to this heated platform consumes 93% less power, however this product has a significantly larger print 
area. These products by Kenova and Quintessential are depicted in Figure 2.  Both heated plates are fabricated from 
silicon rubber, which has a high thermal conductivity 5.  
 
 
Figure 2. Keenovo heated plate (left) and Quintessential’s heated bed (right) 
 
The other product, by Quintessential has the second largest power draw after Keenovo’s product. Quintessential’s 
platform also has the smallest surface area of the specified platforms. Even though the Quintessential’s platform is 
only 64% of the total surface area of the prototype, it requires 72% more power to operate. This figure was 
calculated by taking the difference between the prototypes power draw and Quintessential’s product power draw 6: 
 
The next available product on the market is designed for the RepRap MK2b. It’s comprised of a laminate composite 
of copper, red soldermask and white silkscreen 7. Figure 3 on the following page shows the product image displayed 
on EBay. Taking the difference between the power consumed by the RepRap product and the prototype, then 
dividing by the energy drawn by the RepRap heated bed, yields a 58% larger power draw.  
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Figure 3. RepRap Heated Bed (left) and LEAP3D Heated Plate (right) 
 
The last heated platform listed in Table 2 is manufactured by LEAP 3D and is a rectangular product with a slightly 
larger print area then the prototype. Taking the difference between the power consumed by the LEAP 3D product 
and the prototype, then dividing by the energy drawn by the LEAP 3D product, yields a 55% larger power 
consumption. LEAP3D’s heated plate is also made of aluminium. LEAP3D’s product can be seen above on the right 
in Figure 3. 
 
5. Conclusion 
 
 Results show that significant improvements in energy consumption can be achieved and are supported by design 
calculation.  Several manufacturer product specifications are utilized to support these results.  Future work may 
include testing printers with global power requirements as well as installing and testing this prototype in multiple 3D 
printers to perform extended trials. Lastly, performing investigations that optimize the energy consumption using 
digital computer computational models and algorithms are important 10. 
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